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Methods
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Study site
93
Oneida Lake, New York, USA, is a large, shallow mesotrophic lake (area: 207 km 2 ; mean depth: 
98
gone through a number of changes in recent years, including increasing summer water temperatures
99
(Jackson et al. 2008 ) and the introduction of dreissenid mussels (zebra mussels in the early 1990s and 100 quagga mussels in the mid 2000s). Increasing water clarity associated with dreissenid mussels shifted 101 productivity from pelagic to benthic habitats, increased the abundance of aquatic macrophytes, and . These changes suggested that predation by inshore predators could be 108 accounting for a greater proportion of age-0 yellow perch mortality relative to earlier time periods, which D r a f t 6 mark-recapture studies every two to three years and available through previously published data and the
116
Knowledge Network for Biocomplexity (see Rudstam and Jackson 2012a for more details). Walleye 117 abundance, age, and length-at-age estimates greater than age-6 were grouped because previous work 118 demonstrated that age estimates from scales were unreliable at ages beyond age-7 (J.L. Forney, Cornell
119
Biological Field Station, Bridgeport, NY, unpublished data, 2013). Additional assessment of walleye 120 length-at-age analyses from a subsample of otoliths collected via the long-term monitoring program
121
suggests this is likely due to slow growth past age-7 (Table S1 ; Fig. S1 ).
122
Smallmouth bass and largemouth bass were not as well studied as walleye in Oneida Lake;
123 therefore, we estimated their relative abundance using walleye as a benchmark. A mark-recapture study
124
was conducted on smallmouth bass in the 1960s (Forney 1972), but was limited to Shackelton Point ( 
181
and a scale sample collected to age fish and back-calculate length-at-age to determine growth rates.
182
Stomach contents were initially removed via acrylic tubes, and supplemented with gastric lavage and/or 183 dissection if additional diets items were detected but unable to be removed through acrylic tubes. Diet 184 samples were preserved in 10% formaldehyde and brought back to the laboratory for processing.
where i represents a unique diet category (e.g., age-0 yellow perch), x is the total number of diet 194 categories in the diet, n i is the number of diet item i in the diet, and B i is the average biomass of diet item i 195 in the diet. On dates when diet items were too digested to obtain length estimates, an estimated length was 196 assigned based on length estimates from diets collected on proximate sampling dates (within a week) or 197 length distributions in the lake available through additional datasets (e.g., seine or trawl surveys). These 
222
To account for ontogenetic changes in habitat use by age-0 yellow perch, abundance estimates 223 were divided into two stages ( 245
where C is consumption, G is growth, R is respiration, F is egestion, and U is excretion. To perform 247 bioenergetics simulations, species-specific abundance estimates, growth rates, and diet composition were 
258
Water temperature in the model was based on the average measurement at 2 and 10 m depth.
259
Simulations were run for a single individual from each age-class of walleye, smallmouth bass,
260
and largemouth bass to estimate daily consumption over the course of the growing season. Individual 261 daily consumption was then scaled up to the population-level using population estimates and age structure 262 for each species, assuming no mortality. Population estimates and age structure for walleye differed 263 across years, but were assumed to be the same for black bass due to data limitations. To separate the 264 walleye population into offshore and inshore components and to account for seasonal changes in habitat 
276
To assess the effect of uncertainty in our population estimates on consumption estimates, we 
289
For all simulations, estimates of walleye, smallmouth bass, and largemouth bass consumption of 290 age-0 and age-1 yellow perch from bioenergetics simulations were converted to number of individuals 291 consumed per day by dividing biomass consumed per day by observed age-0 and age-1 yellow perch 292 individual weights on each day. For age-0 yellow perch, daily consumption estimates were compared with 293 abundance estimates to determine the proportion of total age-0 yellow perch mortality that could be D r a f t 13 accounted for by each predator, and to assess the potential importance of additional predators in the lake 295 based on differences between observed total mortality and mortality due to walleye and black bass.
296
Results
297
Population estimates and age-structure
298
Walleye were the most abundant predator during the study, ranging in density from 32.1 to 40.5 299 fish per hectare ( Table 1 ). The proportion of the walleye population in offshore habitats was highest in 300 early summer, declined during late summer, and increased throughout the fall ( Fig. 3; 
302
while largemouth bass density was estimated at 8.8 fish per hectare (Table 1) . Age structure for all 303 species generally followed a typical catch-at-age curve, illustrating decreasing abundance in each age-
304
class as age increased. Some imprecision was present in our estimates of age-specific walleye abundance,
305
as cohorts did not always decrease in abundance in subsequent years, and was likely due to the difficulties 306 associated with estimating fish densities in natural systems. Overall, these inconsistencies were small and 307 cohort abundance only increased by greater than one fish per hectare for one cohort in one year.
308
Abundance in the oldest age-class increased for all species because all fish older than that cut-off were 309 grouped into that age-class (Table 1) . This was especially noticeable in walleye and was primarily driven
310
by the strong 2001 year-class, which was age-6 during the first year of our study (Table S4) . 313 largemouth bass, and 287 smallmouth bass in Oneida Lake, NY (Table 2) . Age-0 yellow perch, age-1 314 yellow perch, age-0 gizzard shad, and crayfish dominated consumption dynamics of all three predators 315 (Table 2; Table 3 ; Fig. 4) ; however, the composition of predator diets differed across predators, seasons,
316
and years based on the availability of age-0 yellow perch. When age-0 yellow perch were abundant,
317
consumption by all predators was dominated by age-0 yellow perch. When age-0 yellow perch were less 318 abundant, each predator switched to alternative prey, while maintaining fairly constant total consumption D r a f t in offshore walleye diets (Table 2; Table 3 ). Inshore walleye diets were dominated by age-0 and age-1 324 yellow perch in early summer, shifting to gizzard shad by late October (Table 2; Table 3 ; Fig. 4 ). When 325 age-0 yellow perch year classes were weak, offshore and inshore walleye subsidized energetic needs by 326 switching to age-0 gizzard shad earlier in the summer and consuming a greater biomass of age-0 gizzard
327
shad throughout the year (Table 3 ; Fig. 4 ). Population-level consumption by walleye across inshore and 328 offshore habitats was strongly influenced by seasonal patterns in habitat use. In early summer, walleye
329
consumption was dominated by fish in the offshore habitats, but transitioned to inshore habitats by mid 330 summer (Fig. 4) . As a result, consumption of age-0 yellow perch was dominated by offshore habitats in early summer, while inshore consumption was highest in mid-to late-summer. 
336
Crayfish consistently dominated smallmouth bass diets at all times, but age-0 yellow perch were 337 also an important diet item (Table 2; Table 3 ; Fig. 4 ). Smallmouth bass also consumed age-1 338 pumpkinseed, banded killifish, age-0 white perch, age-0 tessellated darter (Etheostoma olmstedi), age-0 339 brown bullhead, and age-0 white sucker (Catostomus commersonii). Largemouth bass diets were 340 dominated by age-1 yellow perch in early summer but shifted to age-0 yellow perch, crayfish, and age-0 341 gizzard shad through mid-summer and into the fall (Table 2; Table 3 ; Fig. 4 ). Other diet items included 342 emerald shiners, age-0 and age-1 pumpkinseed, banded killifish, age-0 and age-1 brown bullhead, and 343 benthic invertebrates. Less common prey species typically accounted for less than ten percent of total diet D r a f t 15 year classes of age-0 yellow perch, smallmouth bass and largemouth bass subsidized consumption by 346 primarily switching to crayfish, but age-0 gizzard shad and age-0 brown bullhead were also important.
347
Predation on yellow perch
348
The relative importance of age-0 yellow perch as a percentage of total consumption varied across 
354
Consumption of age-1 yellow perch tended to occur during early to mid-summer ( Fig. 4; Fig. 6 ), but the 355 magnitude of consumption did not show consistent patterns across years (Table 3) .
356
Walleye, smallmouth bass, and largemouth bass consumption of age-0 yellow perch accounted
357
for a significant proportion of yellow perch mortality (Table 4 (Table 4) .
364
Across all years, offshore walleye consumed the highest percentage of the age-0 yellow perch population
365
(average: 24.3%), followed by inshore walleye (average: 7.6%), smallmouth bass (average: 3.4%), and 366 largemouth bass (1.4%). Numerically, walleye consumption of age-0 yellow perch was, on average, 10 367 and 27 times higher smallmouth bass and largemouth bass, respectively, despite having a population size 368 of only two times smallmouth bass and approximately four times largemouth bass. These patterns were 369 consistent across our simulations using high and low population estimates for all predators ( 
399
showed similar patterns across all years and highlighted the dominant role of walleye as a source of 400 mortality of age-0 yellow perch. Grouping all walleye greater than age-6 into a single age-class is also 401 unlikely to influence our results for several reasons: 1) most of fish in the age-6+ cohort come from a 402 single year class that would have been age-6 through age-8 during the duration of our study (Table S4) ; 2) 403 walleye length changes less than 10 mm per year after age-7 in Oneida Lake (Table S1 ; Fig. S1 ), and 3)
404
as a result of this slowing growth, yearly consumption rates are very similar across age-classes after age-4 405 (Table S5) .
406
High consumption of yellow perch by walleye and black bass is not limited to age-0 yellow 
426
The proportion of age-0 yellow perch mortality that could be attributed to walleye and black bass 
432
perch has also switched age-0 yellow perch mortality from depensatory to compensatory in Oneida Lake.
433
In the 1960s, walleye and yellow perch were the dominant fish species in the lake, and age-0 yellow perch 
439
In all years, our inability to account for age-0 yellow perch mortality via walleye and black bass Table 3 . Year-and species-specific consumption estimates (kg·ha -1 ) of major diet items for walleye (WE), smallmouth bass (SMB), and largemouth bass (LMB). 
